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LONG TERMS GOALS   
 
To determine the mass balance of optically active particles within the surface boundary layer and to 
identify processes responsible for their redistribution. 

 
OBJECTIVES 
 
1) To perform manipulative experiments in which a known quantity of optically active CaCO3 

particles are introduced into the surface mixed layer, and tracked over time and space. This 
approach effectively removes uncertainty in the production term of the mass balance equation.  

 
2) To quantify the loss from the mixed layer of optically active particles due to grazing and 

aggregation. 
 
APPROACH  
 
In addition to the work by Dam and McManus, there is close collaboration with Drs. W.M. Balch and 
C. Pilskaln (Bigelow Lab for Ocean Sciences/Optical and vertical flux studies) and Dr. A. Pluddemann 
(WHOI/ physical studies). Their work is not included in this report.  
 
We plan to make two deployments of cretaceous chalk during each of two cruises planned for 
November 2001 and summer 2003. Approximately 13 tons of chalk will be deployed to create a patch 
in the surface mixed layer at an oligotrophic site, outside the Gulf of Maine, and a more eutrophic site 
within the Gulf of Maine. The expectation is that at the oligotrophic site physical processes will 
dominate over biological processes. Since the sinking rate of CaCO3 particles is of order 10 cm d-1 

(Honjo 1976), and grazing losses are expected to be low, the mass of particles at the oliogotrophic 
patch should not decrease considerably, as long as aggregation rates are minimal. In contrast, at the 
oligotrophic site, greater grazing rates and repackaging of particles into fast sinking fecal pellets 
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should result in a significant decrease in the mass of particles within the mixed layer. Changes in the 
mass of chalk particles in the patch should be consistent with the vertical fluxes measured by the 
sediment traps, unless major dissolution occurs. This latter loss could be due to grazing assimilation 
(Harris 1994).  
 
Losses of coccoliths due to zooplankton grazing and fecal pellet formation: We will measure the 
grazing rates of the chalk particles by both large grazers that can produce rapidly sinking pellets, and 
the micrograzers that produce colloidal size-fecal material that is unlikely to sink. Since the chalk 
particles to be used during Chalk-X average 2 µm, they are unlikely to be grazed efficiently by the 
large grazers. Thus, we hypothesize that grazing removal of these particles will be dominated by the 
microzooplankton.  
 
We will also measure the rates of pellet production by mesozooplankton (Butler & Dam, 1994; 
Feinberg & Dam, 1998) and microzooplankton feeding on these particles. We will measure pellet size 
and density (Butler and Dam 1994; Feinberg & Dam 1998) to calculate how fast fecal pellets can leave 
the mixed layer. During the cruises we will measure zooplankton biomass.  Hence, armed with the 
abundance, ingestion and fecal pellet production rates, we can calculate the downward flux of chalk-
particles due to grazers. 
 
Rates of chalk particle flocculation: We will measure the flocculation rates of the chalk particles in 
Couette devices (Drapeau et al., 1994, Dam and Drapeau, 1995) from knowledge of the chalk 
flocculation efficiency, the chalk particle diameter and the shear rate. The ambient shear rates will be 
obtained from the measurements made by Plueddemann, or from empirical models relating shear to 
wind stress (McKenzie and Leggett, 1993).  To measure changes in particle concentration or size, we 
will employ two kinds of devices—an electric impedance device (ElZONE 280 particle counter) and a 
laser counter (GALAI). Both of these devices can resolve particles as small as 0.5 µm.  
 
There is a possibility that the flocculation efficiency of the chalk particles is zero. In this case, no 
flocculation of these particles by themselves would occur. However, it is also possible that these non-
sticky particles would attach to other sticky particles such as phytoplankton.  Alternatively, there is the 
possibility that the calcite particles are themselves sticky and form aggregates with each other, but also 
with other sticky particles such as phytoplankton.  In these cases, we need to perform additional 
experiments of interspecific particle flocculation as described in Hansen and Kiørboe (1997).  
 
WORK COMPLETED 
 
Our original proposal called for a cruise in summer of 2001, but due to ship scheduling problems the 
cruise has been postponed to November 2001. In addition, due to budget cutbacks, the second cruise is 
now scheduled for summer 2003.  However, we performed some preliminary measurements and this 
past summer.  Namely, we have characterized the chalk particles to be deployed during the cruises 
both with an electrovolume particle analyzer (ELZONE 280) and with a laser particle sizer (GALAI C-
100). We also tested several dyes to label the particles. In addition, we ran a grazing experiment with 
the chalk particles.        
 
RESULTS 
 
Figure 1 below illustrates size frequency distributions of eight samples of the chalk particles to be 
deployed during the cruises measured with the GALAI C-100.  Six of the eight samples yielded mean 
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particle size between 2 and 3 µm. A bimodal distribution is sometimes apparent.  Notice, however, that 
the number of observations per sample is relatively low and this contributes to the variability between 
samples.  
 

0.1 1.0 10.0 100.0 1000.0
0

10

20

30

40

50

CHALK6 CHALK1 CHALK10 CHALK17 CHALK15 CHALK3

 

Size in Microns

P
e
r
c
e
n
t
a
g
e
 
 
 
d
N
/
d
D

Laser Analysis: Cummulative Results
                                     

Number Density Graph

CHALK13

The size frequency distribution of chalk particles derived with the ELZONE 280, a particle analyzer 
based on the electrovolume principle, yielded similar mean sizes as the laser analyzer (Fig. 3).  Notice 
that the number of observations per sample is much greater. This may explain the lack of the bimodal 
distribution observed in Fig. 1. 

 
Figure 1. Size frequency distributions of eight sample suspensions of chalk particles measured by 

the GALAI C-100 laser particle analyzer.  [The chalk particles were diluted in 0.2-µm filtered 
seawater prior to analysis. The Y-axis shows the percentage of total particles and the X-axis shows 
the sizes of particles. Most of the distributions show a mean particle size between 2 and 3 µm, but 

some distributions are clearly bimodal.] 
 
 
We also characterized the chalk particles with an image analysis system, which is part of the laser 
analyzer (Fig. 2, below). Illustrated in Fig. 2 are the results of a single analysis. In this case, the mode 
was greater than what is shown in Fig. 1. This may be due to the limitations of the video camera in the 
system.  But clearly more analyses are needed before further conclusions can be drawn. However, the 
important point is that the image analysis technique may also be used to characterize the chalk 
particles.  
 

 
The one experiment on grazing revealed that the estuarine copepod Acartia tonsa did not ingest the 
chalk particles. This was evident from particle counts and fecal pellet production. We will run other 
experiments with other copepod coastal species (T. longicornis and C. hamatus), and with mixed 
zooplankton assemblages during the cruises.  An important consideration for the mass balance 
calculations is that even if zooplankton do not ingest the chalk particles, they may have an indirect 
effect on their fate via predation pressure on the microzooplankton. That is, the zooplankton exert 
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pressure on the microzooplankton, and consequently the loss rate of particles due to microzooplankton 
is depressed. This will be investigated during the cruises.  
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Figure 2.  Chalk particle characterization with image analysis system. [Sample treatment was as 
described in Fig. 1. The Y-axis shows percentage of total counts and the X axis shows equivalent 

particle diameter. The figure represents a single sample analysis.] 
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Figure 3. Chalk particle characterization with the ELZONE 280 analyzer. [The Y-axis shows the 
total particle counts per size interval and the X-axis  shows the particle equivalent diameter. The 

distribution is heavily dominated by small particles (< 3 µm). The mode is about 2.3 µm. The figure 
represents the analysis of a single sample.] 
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In summary, the three different types of size analysis revealed that the chalk particles are about 2 µm 
in equivalent diameter. The small size of the particles and the results to date of the grazing experiments 
suggests that the bulk of the grazing losses should be due to the microzooplankton. In addition, again 
because of the small particle size, aggregation rates should be relatively low.   
 
IMPACT/APPLICATIONS 
 
Our experiments are designed to identify the relative importance of two loss terms—grazing and 
aggregation—on the mass balance of coccoliths, an important group of optically active particles. 
Without this information the evolution of the underwater field and prediction of underwater visibility 
on the spatial (1-10,000m horizontal and 1-100 m vertical) and temporal scales (hours to days) of 
coccolithophore blooms is severely hindered.  
 
TRANSITIONS 
 
Since the field program has not started, no transitions have taken place. Depending on the success of 
this program, we plan to pursue this kind of studies with other optically active particles in the sea. 
 
RELATED PROJECTS 
 
We work as a part of a team with the other PI’s in this project: Drs. Balch and Pilskaln (Bigelow 
Laboratory for Ocean Sciences) and Dr. Pluddemann (WHOI).  
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